Background: Zinc is an essential nutrient that is required for numerous metabolic functions, and zinc deficiency results in growth retardation, cell-mediated immune dysfunction, and cognitive impairment. Objective: This study evaluated nutritional assessment methods for zinc supplementation in prepubertal nonzinc-deficient children. Design: We performed a randomised, controlled, triple-blind study. The children were divided into a control group (10% sorbitol, n 031) and an experimental group (10 mg Zn/day, n 031) for 3 months. Anthropometric and dietary assessments as well as bioelectrical measurements were performed in all children. Results: Our study showed (1) an increased body mass index for age and an increased phase angle in the experimental group; (2) a positive correlation between nutritional assessment parameters in both groups; (3) increased soft tissue, and mainly fat-free mass, in the body composition of the experimental group, as determined using bioelectrical impedance vector analysis; (4) increased consumption of all nutrients, including zinc, in the experimental group; and (5) an increased serum zinc concentration in both groups (p B0.0001). Conclusions: Given that a reference for body composition analysis does not exist for intervention studies, longitudinal studies are needed to investigate vector migration during zinc supplementation. These results reinforce the importance of employing multiple techniques to assess the nutritional status of populations.
and, based on these measurements, body composition can be interpreted. BIVA may be useful for clinical purposes because of its ability to detect changes in hydration or body composition in children (14) , specifically in chronic conditions (e.g. chronic obstructive pulmonary disease, anorexia nervosa, cancer, and chronic renal failure) (15Á22).
The phase angle is a parameter that is obtained from BIA. This parameter is the deviation of a current that occurs when part of the current is stored across cell membranes, which creates a phase shift that is quantified geometrically as the angular transformation of the reactanceÁresistance ratio (23, 24) . Phase angle measurement could be an effective tool for evaluating clinical outcomes or for monitoring disease progression (25) .
Valid and reliable assessment methods for evaluating food intake are critical for identification of the impact of dietary interventions on children's dietary habits and on their health and weight status, and for the future development of successful prevention and intervention strategies (26) .
The present study evaluated nutritional assessment methods for zinc supplementation in prepubertal nonzinc-deficient children using anthropometric and bioelectrical measurements as well as dietary assessments.
Methods

Subjects
The participants included 62 eutrophic prepubertal children of both sexes who were between 8 and 9 years old; these participants were recruited from three municipal schools in the city of Natal, Brazil. Informed consent was obtained from all subjects and their parents or guardians before participation in the study. The sample was formed using non-probability sampling (convenience sampling). The University Hospital Research Ethics Committee of the Federal University of Rio Grande do Norte (UFRN) approved the protocol (no. 542/11). The Universal Trial Number (UTN) is U1111-1169-3076.
Inclusion and exclusion criteria
The children had to be eutrophic; healthy; and in Tanner stage 1 for genital, breast, and pubic hair growth. The exclusion criteria included the following: early pubarche, thelarche, or menarche; acute, infectious, or inflammatory disease or a history of disease (neoplasia; diabetes mellitus; nutritional disorders; and liver, kidney, or thyroid disorders); surgery; use of vitamin or mineral supplements; and sex-specific BMI for age, weight for age, and height for age indices outside the interval of (2 to 2 plus Z-scores according to 2006 World Health Organization (WHO) curves (27) .
Experimental design
This study was a randomised, controlled, triple-blind study, and the subjects were divided into two groups: placebo and experimental. These groups, which were supplemented with placebo (10% sorbitol) or 10 mg Zn/ day for 3 months, were called the control group and the experimental group, respectively. The children were submitted to anthropometric and bioelectrical measurements and dietary assessments as well as blood collection before and after placebo or oral zinc supplementation. Figure 1 shows the study design. Baseline blood samples were collected from the children at 8 am after a 12-h overnight fast, and on the collection days, the placebo or zinc solution was not administered orally. The patients were 
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(page number not for citation purpose) in the supine position throughout the test. An antecubital vein was punctured, and venous patency was maintained with a sterile, metal-free saline solution. Venipuncture was performed using plastic, metal-free syringes without a tourniquet.
Zinc vials and zinc intake were monitored every 2 weeks by the same nutritionists during home visits. These nutritionists performed anthropometric measurements and nutritional assessments.
Anthropometry
Anthropometric measurements were performed after an overnight fast. Weight (in kilograms) and height (in metres) were measured using an electronic balance (Balmak, BK50F, São Paulo, SP, Brazil) and a stadiometer (Stadiometer Professional Sanny, American Medical do Brasil, São Paulo, SP, Brazil), respectively, and BMI was calculated as the ratio of body weight in kilograms to the squared height in metres (kg/m 2 ) using the AnthroPlus version 1.0.4 program (www.who.int/growthref/en/). For weight measurements, the child stood on the scale wearing light clothing without shoes. To measure height, the child stood without shoes and with free head props, heels together, arms extended along the body, and the body as upright as possible. The heels, buttocks, shoulders, and head touched the wall or the vertical surface of the measuring equipment. All measurements were performed by the same examiner (28) . Growth curves from the WHO for children from 5 to 19 years old were used to obtain classifications of malnutrition, eutrophic, and obesity (29) .
Skinfold thicknesses were measured for the triceps (on the back side of the arm, between the olecranon and the acromion) and subscapularis (measured obliquely downward and laterally to the angle of the scapula) using a Lange skinfold calliper (Lange Skinfold Caliper, Beta Technology Incorporated, Cambridge, MD) according to the protocol of Frisancho (30) . Parameters for classification established by Heyward and Stolarczyk were used (31) . We also measured the circumference of the arm using an inelastic tape measure while the left arm was relaxed, specifically measuring the midpoint between the acromion and the olecranon. From the arm circumference and triceps skinfold thickness data, the arm muscle circumference and arm muscle area were calculated. These parameters were classified according to the percentiles proposed by Frisancho (30) , and the FM was calculated using the equation described by Slaughter et al. (32) . We evaluated the characteristics of adiposity using the triceps and subscapular skinfold thicknesses and correlated them with the FM obtained by BIA.
Bioelectrical measurements
After the child had emptied his or her bladder, BIA was performed using a bioelectrical impedance analyser (model Quantum II, RJL Systems, Clinton Township, MI), which requires the precise placement of four surface electrodes (standard tetrapolar placement on the right hand and foot), as reported by Lukaski et al. (33) . A painless, low-intensity current of 800 mA at a fixed frequency of 50 kHz was introduced through a surface electrode to the source electrode after the command issued by the device to capture the voltage drop detected by the source electrode was registered under the closest ohm value. There are two components of the whole-body impedance vector: resistance (R), or the opposition to the flow of an alternating current through intra-and extracellular ionic solutions, and reactance (Xc), or the capacitance produced by tissue interfaces and cell membranes across tissues. Both components were recorded from single representative stable measurements by the same operator. We used the BIA equation described by Houtkooper et al. (34) . We standardised the BIA measurements using the height (H) of the subjects to eliminate the influence of the conductor length, so both R/H and Xc/H were expressed in ohms per metre (ohm/m).
The impedance analyser (RXc graph)Áderived BIVA was performed based on resistance and reactance. Impedance measurements were normalised to the children's height and plotted as bivariate vectors with confidence intervals, which are ellipses in the RXc plane. According to the method proposed by Piccoli et al. (35) , when the ellipses of 95% of two mean impedance vectors do not show an overlapping area, they are significantly different (pB0.05) in the plane, which is equivalent to a statistically significant result for Hotelling's T 2 test. Otherwise, two mean vectors with overlapping ellipses are equal to a nonsignificant result for the T 2 test, meaning that these vectors are not different. According to the RXc graph method, we normalised R and Xc measurements to the stature of the subjects (i.e. R/height (H) and Xc/H, expressed in ohm/m), and individual vectors were plotted as points on the RXc graph. The points were subsequently joined to form three tolerance ellipses, which corresponded to the 50th, 75th, and 95th percentiles for the impedance vector distributions of our reference population. To determine the reference bivariate intervals of the whole-body impedance vector in the study groups, the impedance vector was measured by BIA in 62 eutrophic children. The measured R/H and Xc/H values in a group of children were plotted as a mean impedance vector with a 95% confidence ellipsis, and the mean vector position and variability in the corresponding population could be directly established. The reference sample reflects the zinc supplementation distribution among the groups of children from which it was drawn. The graph of the mean RXc was obtained by plotting the 95% confidence ellipses of the mean vectors (i.e. the means of components R/H and Xc/H) for the control and experimental groups. Separated 95% confidence ellipses indicated a significant difference (pB0.05) in the vector position (35) . BIVA of the RXc method provides more information than the analysis of only the phase angle, which was previously used as an indicator of clinical outcomes and in clinical research studies aimed at identifying disorders in body composition, with good results (36, 37) .
The phase angle is derived from two segments of body composition and is calculated using the following formula: PA0arctangent (Xc/R) )180/3.416, as proposed by Barbosa-Silva et al. (38) . The phase angle reflects the relative contributions of fluids (R) and cell membranes (Xc) in the human body and is directly proportional to the capacitance and inversely proportional to the resistance (39) . Low phase angle values suggest cell death or decreased cell integrity, whereas higher phase angle values suggest a large amount of intact cell membranes (24) .
Dietary assessment
Three-day food records (2 weekdays and 1 weekend day) were completed for all children participating in the study and were assumed to be sufficient for estimating energy and protein intake on an individual basis (40) . Each mother was instructed on how to properly describe food and how to observe the food intake and portion sizes of the child. The intake of energy, carbohydrate, protein, fat, fibre, calcium, iron, and zinc was calculated with NutWin software version 1.5 (41). Foods not included in the software were inserted based on food chemical composition tables or nutritional information on the foods' labels. Additionally, energy, carbohydrate, protein, fat, fibre, calcium, iron, and zinc were analysed according to the recommendations for age and sex (42Á45).
The prevalence of inadequate nutrients was calculated according to the estimated average requirement (EAR), considering the potential risk of macronutrient and micronutrient deficiencies.
Oral zinc administration
The experimental group was supplemented with 10 mg Zn/day (as elemental zinc) in the form of zinc sulphate heptahydrate (ZnSO 4 ×7H 2 O; Merck, Darmstadt, Germany) for 3 months. An oral zinc solution was prepared at the Pharmacotechnical Laboratory of the Department of Pharmacy, UFRN. Each drop contained 1 mg of elemental zinc. The control group received an oral placebo under the same conditions. Each group received 10 diluted drops of the syrup added to milk or juice every morning at breakfast. Zinc supplementation was controlled every 2 weeks by the same observer.
Materials
Vacuette Z Serum Clot Activator Tubes (Greiner BioOne, Monroe, NC) were used for biochemical analyses. Becton Dickinson (BD) Trace Element Tubes (for serum; BD, Franklin Lakes, NJ) were used for zinc analyses. Polypropylene plastic syringes were purchased from BD, and metal-free plastic tips and tubes were purchased from Bio-Rad Laboratories (Hercules, CA).
Chemicals
Zinc sulphate heptahydrate (ZnSO 4 ×7H 2 O) and Titrisol zinc standard were purchased from Merck.
Laboratory procedures
All blood samples were collected in the appropriate tubes, and the procedures related to the handling of the zinc samples were performed in accordance with international standards (46) . After sample collection, laboratory procedures were performed at the Multidisciplinary Laboratory of Chronic Degenerative Diseases. The blood samples were placed in trace-metal-free tubes without anticoagulants and kept in a stainless steel incubator (FANEM 502, São Paulo, SP, Brazil) for 120 min, until clot formation. Next, 500 mL of serum was collected with a plastic, tracemetal-free pipette and transferred to a plastic tube containing ultrapure water (Milli-Q Plus, Millipore, Billerica, MA) with a final concentration of 2,000 mL to dilute the serum (1:4) for zinc analyses. The samples were kept at (80 8C until subsequent analysis (Ultra-low Freezer, NuAire, Plymouth, MN). Serum zinc samples were analysed in triplicate within the same assay using atomic absorption spectrophotometry (SpectrAA-240FS, Varian, Mulgrave, Victoria, Australia) according to the manufacturer's instructions. The zinc sensitivity was 0.01 mg/mL, the intra-assay coefficient of variation was 2.37%, and the normal reference range was 0.7Á1.2 mg/mL. The standard zinc solution (1,000 mg/mL) was obtained by diluting Titrisol zinc standard in ultrapure water. The wavelength used was 213.9 nm, and the lamp current was 10 mA. All other procedures, such as calibrations and measurements, were performed in accordance with the manufacturer's instructions.
Statistical analyses
Statistical analyses included the D'Agostino and Pearson omnibus normality test, which was used to analyse the normality of all study data. Paired and unpaired Student's t-tests were used to compare the data obtained within the control and experimental groups or between the groups. The Wilcoxon matched-pairs signed-rank test was used to complement the paired nonparametric test, and the MannÁWhitney test was used to complement the unpaired nonparametric test. The correlation between two variables within each subject was determined using Spearman's coefficient for nonparametric correlation. Statistical tests were performed using GraphPad Prism version 6.0 software (GraphPad Software, Inc., San Diego, CA). The statistical analyses of the BIVA were performed using Microsoft Excel 2003 (BIVA software) (39) . All comparisons were considered statistically significant at the 5% significance level.
Results
Study group
In total, 62 schoolchildren were examined. This study specifically included 32 boys and 30 girls, who were all submitted to anthropometric and dietary assessments and blood collection (Fig. 1) . The sample size of 62 schoolchildren was adequate for this study because for any d value ] (0.09, the sample size required would be n015.
Anthropometry
According to BMI for age classification, all schoolchildren were eutrophic during the 3-month study. At the end of the study, BMI for age was significantly different for the experimental group (Table 1) .
Correlation between %FM determined by skinfold thickness and %FM determined by BIA In our study, we found a strong positive correlation between FM measured based on the skinfold thickness and FM measured by BIA in the control group and experimental group (Fig. 2) .
Bioelectrical measurements
There were changes in the body composition of the control group, with increased FM and decreased FFM and water free, whereas there was no difference in these parameters after supplementation in the experimental group (Table 1) . A significant increase in the phase angle was observed after supplementation, which most likely indicated a higher cell mass in the body (Table 1) .
Assuming a bivariate normal distribution for R/H and Xc/H, we calculated the bivariate 95% confidence limits for the mean impedance vectors of the different classification groups (i.e. the ellipsis within which the twodimensional mean vectors fall with a 95% probability). We called the average of R/H and Xc/H recorded in the groups of children the 'RXc mean graph' (35) . The mean vectors for the control group and experimental group before and after treatment were plotted and compared using the unpaired two-sample Hotelling's T 2 test (Fig. 3a) . The 95% confidence ellipses of the two mean vectors of each group were overlapping, which means that the positions between the vectors from the control group and experimental group were not significantly different in the RXc plane. The paired one-sample Hotelling's T 2 test determined a difference in mean vectors between the first measurement (before supplementation) and the matched second measurement (after supplementation). The experimental group showed an increase in soft tissue, and mainly FFM, in the body composition analysis after oral zinc supplementation compared with before supplementation (pB0.0001) (Fig. 3b) .
Dietary assessment
Energy, carbohydrate, protein, fat, iron, and zinc levels were normal according to the recommendations by age and sex, and these values showed a significant increase after oral zinc supplementation, which indicated increased food consumption after the 3-month study (pB0.0001). Additionally, fibre and calcium concentrations increased after oral zinc supplementation, although they remained low compared with the recommendations by age and sex (Table 2) .
After supplementation, zinc intake plus zinc supplementation did not exceed the upper limit (UL) of this nutrient (Fig. 4) . Values are expressed as the means9SD and *pB0.05. Paired Student's t-tests were used to compare the data obtained within the control and experimental groups. Unpaired Student' t-tests was used to compare the data obtained between both control and experimental groups. Control group before (CG-Before) and control group after (CG-After) represent before and after oral placebo administration, respectively. Experimental group before (EG-Before) and experimental group after (EG-After) represent before and after oral zinc supplementation, respectively. Oral zinc administration There were increases in the serum zinc concentration in the control group from before (0.936990.1297 mg/mL) to after (1.061090.1251 mg/mL) placebo administration and in the experimental group from before (0.893490.1244 mg/mL) to after (1.075090.1113 mg/mL) zinc supplementation. Significant differences were observed between the control group before and after placebo administration (pB0.0001) and in the experimental group before and after zinc supplementation (pB0.0001). 
Discussion
Study group
Among the 62 children evaluated, we examined the effect of zinc supplementation on nutritional status using anthropometry, conventional BIA, BIVA, and analyses of the phase angle and food intake.
Anthropometry
In a previous study conducted by our team, we suggested that an oral supplementation dose of 5 mg Zn/day significantly increased height (47) . The children in the present study, who ingested 10 mg Zn/day, exhibited the same clinical characteristics, and they were followed using the same methodological design as in the previous investigation. In another study that evaluated the effect of zinc supplementation on growth by using 10 mg Zn/day for 4 months, higher levels of serum zinc were found in the supplemented group, and weight and height development was observed in both supplemented and non-supplemented groups (48) . Additionally, zinc supplementation with 5 mg Zn/day for a mean period of 4 months in full-term, normal infants had a significant effect on the skinfold thickness, but it had no effect on the infants' linear growth (49) .
Bioelectrical measurements
Knowledge regarding the values of the phase angle in healthy populations allows improved utilisation in clinical practice (50Á52). Typical phase angle values in children Values are expressed as the means9SD and *pB0.05. Paired Student's t-tests were used to compare the data obtained within the control and experimental groups. Unpaired Student's t-tests were used to compare the data obtained between the control and experimental groups. Control group before and control group after represent before and after oral placebo, respectively. Experimental group before and experimental group after represent before and after oral zinc supplementation, respectively. aged 10 years are 6.2 for girls and 6.3 for boys, and these values increase with an increase in weight, BMI, FFM, and total body weight (TBW) (53) . There are no data on the phase angle after zinc supplementation in the literature. However, the phase angle was used in a study of obese patients; patients undergoing chronic haemodialysis; and patients with cirrhosis, cancer, or human immunodeficiency virus (HIV) infection, and the results confirmed its role as an important marker of mortality and morbidity (13, 38, 54) . The increase in the FM and the decrease in the lean body mass and TBW of the control group may be justified by dietary habits and the socioeconomic conditions of this population. For instance, in Brazilian studies of children of both sexes under 10 years old, there is inadequate consumption of fruits and greens. Additionally, sweet drinks account for a large proportion of total energy and carbohydrate consumption, and candies and sweets account for a large proportion of the total consumption of lipids in particular (55, 56) . Moreover, we found a positive correlation between the %FM measured by BIA and the %FM measured based on the skinfold thickness in the control and experimental groups. Similar results were found by Pecorato et al. (57) , who also reported that BIA may be a more precise method than skinfold thickness assessment for measuring the %FM in studies in the paediatric population.
BIVA was used to observe whether there were any changes in body composition with oral zinc supplementation. BIVA patterns are based exclusively on the electrical properties of tissues, without considering information about body weight. BIVA can monitor changes in both tissue hydration (the R component) and structure (the Xc component) because both components of the impedance vector are considered simultaneously. Studies have shown that the advantage of BIVA is that it is a good identifier of individual vectors, indicating alterations in tissue hydration and body structure in subjects from any BMI class (14) . BIVA should be considered as an assessment and monitoring tool (unpublished results).
Dietary assessment
All of the children were eutrophic during the 3-month study presented here, and there was increased food consumption in the experimental group, as indicated by significant increases in energy, carbohydrate, protein, fat, fibre, calcium, iron, and zinc levels after oral zinc supplementation compared with control treatment. This effect can be attributed to the fact that oral zinc supplementation increased the children's appetite, as noted among all children in the experimental group.
Assessment of dietary intake has been shown to be an essential factor for understanding the relationship between diet and health, particularly in relation to the intake of certain micronutrients and nutritional status. Additionally, adequate consumption of micronutrients is essential for the maintenance of metabolic functions (58) . Studies have shown that zinc supplementation improves the acceptance of salty foods by children and adolescents (59, 60) .
Oral zinc administration
The baseline serum zinc concentrations increased significantly after 5 mg Zn/day supplementation for 3 months in children aged 6Á9 years (61) . Serum zinc concentrations were reported to significantly increase only in the experimental group in a study by Rocha et al. (62) . Another study revealed an increase in baseline serum zinc concentrations in the control group but a more significant increase in the experimental group (personal communication). Our results are likely due to the different sample size and also to the different feeding patterns of the children studied. The tolerable upper zinc intake level and the baseline serum zinc concentrations remained in the normal reference ranges, and no side effects were observed at a dose of 10 mg Zn/day.
Limitations
One major limitation of the study is the relatively small sample size. However, this limitation was circumvented by using a non-probabilistic sample. Moreover, calculation of the sample of 62 children showed that the results are statistically reliable.
Conclusions
In conclusion, our results showed (1) an increased BMI for age and an increased phase angle in the experimental group; (2) a positive correlation between nutritional Fig. 4 . Estimated average requirement for zinc in both sexes: 4Á8 years 0 4 mg/day and 9Á13 years 0 7 mg/day (43) . Different comparisons were conducted using a paired Student's t-test in the control group and the experimental group and an unpaired Student's t-test comparing the experimental group versus the control group. CG-B means control group before oral placebo administration. CG-A means control group after oral placebo administration. EG-B means experimental group before oral zinc supplementation. EG-A means experimental group after oral zinc supplementation. Values are expressed as the mean. assessment parameters in both groups; (3) increased soft tissue, and mainly FFM, in the body composition of the experimental group, as determined using BIVA; and (4) increased consumption of all nutrients in the experimental group. Because a reference for BIVA does not exist for intervention studies, longitudinal data are needed to investigate vector migration during zinc supplementation.
The reference values of the impedance vector can be used for clinical practice to assess children's body composition. Additionally, few studies have compared different methods, and no nutritional assessment method alone is good to evaluate the nutritional status of populations. In this sense, our results reinforce the importance of employing multiple techniques, such as anthropometric methods, BIA, BIVA, phase angle analysis, and dietary assessment, in the evaluation of the nutritional status of non-zincdeficient children during oral zinc supplementation.
